Mycobacterium marinum, the causative agent of fish tuberculosis and is rarely a human pathogen causing a chronic skin infection. It is now wildly used as a model system in animal models, especially in zebra fish model, to study the pathology of tuberculosis and as a means of screening new anti-tuberculosis agent. To facilitate such research, quantifying the viable count of M. marinum bacteria is a crucial step.
Introduction
16s rRNA, which accounts for 82-90% of the total RNA in mycobacteria, is the core structural and functional component present in all bacteria. Its high abundance and critical functional makes it a suitable biomarker for mycobacterial quantification.
Methods to detect M. tuberculosis have been described previously and applied successfully in clinical trials [1, 2] . This important observation has now been expanded as we have developed this assay further to make it more robust in laboratory practice and expanded the range of its use by designing species-specific Taq-man assay allowing the quantitative evaluation of M. marinum 16s rRNA.
Meanwhile, to take into account the potential loss of RNA during extraction procedure, an internal control (IC) must be included. in this assay we use a fragment of potato RNA, with known concentration is spiked into the sample prior to RNA extraction to normalize such loss [1] . Taq-man assays for M. marinum 16s rRNA and the IC are run simultaneously as a duplex qPCR run.
Materials

Mycobacterium marinum M strain (see Note 1)
2. Homogenisation of the cell culture or tissues requires a homogenization kitMicro-organism lysing VK01-2mL (Bertin Instrument), which contains 0.1mm glass beads, is used for homogenization of the cells pellets or tissues. 5. RT-qPCR: primers and probes should be purchased from a supplier using the sequences noted in Table 1 (see Note 2).
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6. A QuantiTect-multiplex RT-PCR NR kit can be used to run the PCR (see Note 2).
7.
A real time PCR machine e.g., Rotor-Gene Q (Qiagen) (see Note 3).
8.
Internal control: a segment of potato RNA is used as Internal control, the generation of which is described in one of our papers published previously [1] .
Method
Carry out all procedures at room temperature unless otherwise specified.
Mycobacterial quantification by colony forming unit (CFU)
Bacteria are quantified by a modified Miles and Misra method as described previously [3] . Remove the supernatant and re-suspend the cell pellet in 950μl of lysing buffer supplemented with 10% 2-mercaptoethanol for the Purelink RNA mini kit), which is provided by the RNA extraction kit.
3. Spike in 50ng of the internal control 4. Transfer the suspension to the homogenization tube and make sure it is tightly closed.
5.
Place the homogenization tubes in the homogenizer and spin it using programme 6.0 for 40 sec if using Fastprep. 4. Programme the thermal cycler and include PCR reaction components as listed in Table 1 and 2 respectively. 5. Make sure a no-RT reaction, for which reverse transcriptase is excluded for the RT-qPCR reaction components, is included for every sample to test if there is any DNA present in the sample. 3. Use one set of the dilutions to carry out a CFU counting and count the colony 5 days after the plating or once the colony is countable.
4. Use the duplicate dilutions prepared at step 2 for RNA extraction, as described previously, and RT-qPCR. 5. A standard curve of M. marinum total RNA comprising 7 decimal dilutions with the highest concentration as 10ng/l to 10 -5 ng/l 6. Total RNA present in the sample prepared from step 2 will be derived from the standard curve constructed from step 5 (more information on data analysis can be found in section 3.5) 7. Plot the CFU data against the corresponding amount of total RNA. 7 | P a g e 3.5 qPCR data interpretation and bacterial load quantification
Principle
The principle of the MBL assay is absolute quantification based on a standard curve consisting of a set of RNA templates with known concentration. The standard curve is used to calculate the M. marinum concentration of an unknown sample.
IC standard curve is used to justify the efficiency of the extraction. If the amount of IC detected from unknown sample is no less than 10% of the spiked in IC, the extraction will be treated as a successful one, otherwise it will be treated as a failed extraction that should be repeated. Extraction efficiency could be achieved by divide the amount of IC from the sample by the spiked in IC, which can be used for normalization of the M. marinum MBL data. Standard curves must be constructed for each real-time PCR instrument (see Note 8).
Standard curves construction
1. M. marinum RNA extracted from culture with concentrations of 10 8 CFU/mL or higher and IC RNA at 50 ng/l.
2. Dilute the extracted RNA decimally to create a series of standards. Add 10 L of extracted RNA into 90 L of RNase-free water, mix by vortexing for 5 s. Table 2 .
Set up the RT-PCR master mixes as outlined above in
4. The standards are amplified in duplicates (along with the samples or on their own).
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5.
In RotorGene Q software, label the standards in sample sheet and assign them corresponding concentration and units, e.g. 10 8 for first 1 in 10 dilution (if the RNA is extracted from culture with 10 9 CFU/mL).
Standard curve data analysis
The standard curve can be prepared in a separate run for the use with RotorGene Q and it can be further incorporated for data analysis of samples with unknown bacterial load. 2. The method for RNA extraction DNA digestion and PCR master mix presented in this chapter is optimized using the kits noted but alternatives can be used.
3. The assay presented in this chapter is optimized for the Rotor-Gene (Qiagen) but other machines with similar characteristics can be used and we have adapted similar assays to a wide range of machines. 14 | P a g e 
